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matrix	was	 included	and	 the	demand	 values	 (the	 census	 tract	 populations)	 for	 each	demand	
location	in	I	were	established.	To	determine	a	reasonable	value	for	facility	capacity,	the	census	
tract	 populations	 were	 summed	 and	 divided	 by	 4,	 so	 that	 the	 population	 is	 divided	 evenly	
amongst	the	PODs.	An	additional	6%	is	added	on	to	the	capacity	for	each	POD	to	allow	some	
flexibility	in	assigning	census	tract	locations	to	PODs.		
The	results	from	running	this	model	in	AMPL	are	summarized	in	Table	2.	
Table	2.	Selected	facilities	and	their	assigned	demand.	
FACILITY		 DEMAND	POINTS	ASSIGNED	 TOTAL	DEMAND	
2	 15,16,18,24,25,26,27,28	 50,663	people	
19	 1,2,4,5,7,9	 45,554	people	
24	 8,10,11,12,13,14,19,20,31	 53,141	people	
27	 3,6,17,21,22,23,29,30,32	 53,707	people	
	
The	results	show	that	the	demand	locations	2,	19,	24,	and	27	should	be	selected	as	the	POD	
locations	with	the	values	under	the	TOTAL	DEMAND	representing	the	total	population	allocated	
to	each	location.	The	numbers	2,	19,	24,	and	27	represent	schools	that	were	named	in	the	
model	using	numbers	1-30.	Table	3	shows	which	demand	point	was	allocated	to	which	facility	
location.	Each	demand	point	should	be	assigned	to	only	one	facility	and	after	checking	that	this	
	 20	
is	true	and	that	the	demand	points	assigned	to	each	facility	were	reasonable,	these	four	
locations	are	established	as	the	four	POD	locations.		
6 Task	3:	Varying	Computations	of	distribution	and	dispensing	
duration.		
	
6.1	General	Model	Duration	
	
Using	the	data	gathered	in	Task	1	and	the	locations	found	in	Task	2,	the	logistic	activities	
duration	can	be	calculated.	From	the	data	gathered,	the	first	step	in	the	distribution	process	is	
processing	the	12-hour	push	packages	at	the	state	RSS	which	takes	approximately	7	hours.	
Next,	the	trucks	must	be	loaded	before	shipping	to	the	12-LRCs.	The	specific	dosage	amounts	
State	X	receives	are	included	in	Section	4.1.	The	population	for	each	county,	found	through	the	
2015	Federal	Census,	can	be	used	to	calculate	the	numbers	of	doses,	pallets,	and	trucks	each	
county	needs.	According	to	the	state’s	public	health	partner,	a	53-ft	trailer	can	hold	250,000	
doses	(26	pallets)	and	a	43-ft	trailer	can	hold	230,000	doses	(24	pallets).	The	following	
equations	were	used	to	determine	the	resource	amounts	and	non-integer	values	were	rounded	
up	to	the	nearest	integer.		
	 Doses	Needed=	County	population	
	 Pallets	Needed	=	County	population	/	9,600	doses	
	 Trucks	needed	(53-foot)	=	Number	of	Pallets	/	(250,000	doses	/	9,600	doses)		
	 Trucks	needed	(48-foot)	=	Number	of	Pallets	/	(230,000	doses	/	9,600	doses)	
	
	 *trucks	are	packed	by	pallet	which	contain	9,600	doses	each;	truck	type	depends	on	
what	private	companies	have	available	
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Most	tractor	trailers	are	53-foot	vehicles	and	will	be	used	for	the	duration	calculations	in	this	
work.	Using	the	calculations	above,	State	X	will	require	12	53-ft	trailers	total	with	LRC	X	having	
the	second	largest	population	but	the	farthest	distance	to	travel.	If	the	RSS	is	to	load	trucks	for	
LRCs	with	the	largest	population	first	then	LRC	X	will	be	the	second	county	loaded,	but	if	LRCs	
with	the	farthest	distance	to	travel	are	loaded	first	then	LRC	X	will	be	the	first	to	be	loaded.	For	
this	distribution	calculation,	the	option	with	the	largest	population	will	be	selected	as	to	
compute	the	worst-case	scenario	duration	for	the	logistic	activities.	As	stated	in	Section	4.1,	it	
takes	about	30	minutes	to	load	a	full	truck	of	26	pallets	with	two	people	and	a	loading	dock	
which	would	be	available	at	the	RSS.	If	LRC	X	is	the	second	highest	population,	then	an	LRC		
with	an	approximate	population	of	700,000	is	loaded	first	and	requires	3	trucks	(700,000	
people/	250,000	doses	per	truck)	which	will	take	1.5	hours	to	load.	Then	LRC	X	with	a	
population	of	530,000	requires	2	trucks	and	will	take	1	hour	to	load.	The	duration	of	the	drive	
from	the	RSS	to	the	LRC	is	4.925	hours	using	40	mph	as	the	average	speed	of	the	truck	and	197	
miles	found	in	Table	1	as	the	distance.	At	the	LRC,	it	would	not	be	sensible	to	unload	an	entire	
truck	just	to	reload	again,	so	the	smaller	counties	are	unloaded	off	County	X’s	truck	at	LRC.	
Since	there	would	be	no	equipment	at	the	LRC,	from	Section	4.1	we	know	that	it	takes	about	an	
hour	for	3	to	4	persons	to	unload	a	truck	with	26	pallets,	so	for	3	to	4	persons	to	unload	4-5	
pallets	for	the	two	smaller	counties	it	would	take	0.175	hours.	The	distance	for	County	X’s	CSA	
in	Table	1	is	assumed	to	be	travelled	at	30	mph	which	is	the	average	for	country	and	side	roads.	
At	this	rate	the	truck	arrives	at	the	CSA	in	0.21	hours	and	the	truck	is	unloaded	in	0.825	hours	(1	
hour	for	unloading	–	0.175	hours	for	pallets	already	unloaded).	After	the	truck	is	unloaded,	the	
pallets	for	PODs	can	be	loaded	assuming	Ford	F150s	are	tasked	with	carrying	the	5-6	pallets	
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needed	for	each	of	the	4	PODS.	If	Ford	F150	trucks	are	loaded	simultaneously,	then	to	load	6	
pallets	for	each	POD	should	take	approximately	0.23	hours	if	it	takes	1	hour	for	26	pallets.	The	
maximum	POD	distance	from	the	CSA	is	used	to	calculate	the	last	driving	duration	which	is	9.6	
miles	at	30	mph,	0.32	hours.	Then	the	trucks	are	unloaded	for	the	0.23	hours	and	this	is	the	
final	step	of	the	transportation	activities	following	the	general	model	given	and	are	summarized	
in	Table	3.	The	estimated	total	of	16.19	hours	for	this	portion	of	the	dispensing	process	exceeds	
the	12	hours	allowed	per	the	FEMA	timeline.	
Table	3.	Total	Complete	Time	for	General	Model	Logistic	Activities	
LOGISTIC	ACTIVITY	 HOURS	TO	COMPLETE	
Processing	Doses	in	the	RSS	 7	
Loading	largest	pop.	truck	with	loading	docks	 1.5	
Loading	2	trucks	for	LRC	X	 1	
Driving	to	LRC	 4.93	
Unloading	smaller	counties	 0.21	
Driving	to	CSA	 0.83	
Unloading	truck	 0.12	
Loading	Ford	F150s	 0.32	
Driving	to	furthest	POD	 0.12	
Unloading	 0.12	
Total	Time:	 16.19	
	
	
	
To	have	a	complete	review	of	County	X’s	logistic	activities	during	an	emergency,	the	
distribution	from	the	PODs	must	be	examined.	While	the	validity	of	the	24-hour	timeframe	for	
POD	distribution	in	County	X	has	been	tested,	the	state’s	public	health	partner	only	has	the	
results	of	previous	simulation	models	and	not	the	models	themselves.	Hudgeons	examines	and	
validates	this	output	from	the	state’s	public	health	partner	using	the	software	RealOpt	
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(Hudgeons,	2018).	The	state’s	public	health	partner	requested	that	this	research	is	executed	
using	the	software	RealOpt,	a	simulation	software	designed	by	Georgia	Tech	that	consists	of	
various	decision	support	capabilities	for	modeling	and	optimizing	the	public	health	
infrastructure	for	all	hazard	emergency	responses	(Lee,	2003).	The	data	collected	by	the	state’s	
public	health	partner	is	from	a	series	of	time	studies	conducted	in	real	time	simulations	
wherein	the	department	offered	free	flu	vaccinations	to	different	offices.	The	results	from	
RealOpt	set	to	maximize	throughput	concluded	that	it	will	take	12	hours,	15	minutes	and	38	
seconds	plus	or	minus	1	minute	and	42	seconds	for	a	POD	with	a	throughput	of	11,221	people	
using	32	medical	and	36	non-medical	staff.	For	the	POD	with	the	maximum	population	of	
53,707,	only	42%	of	the	population	can	be	served	with	the	resources	designated	in	the	
simulation	in	the	24-hour	period	reserved	for	dispensing.	State	X	can	improve	this	flow	to	
achieve	a	100%	throughput	of	the	patient	population	by	setting	the	Real	Opt	to	minimize	
resource	allocation	which	requires	that	users	provide	the	minimum	required	total	throughput	
per	POD	per	shift	(Hudgeons,	2018).	Through	analyses	setting,	Real	Opt	results	prove	that	the	
PODs	can	process	the	population	of	53,707	in	24	hours,	but	an	additional	590	staff	are	required.		
6.2	Travelling	Salesman	Model	Duration	
	
While	the	state’s	public	health	partner	has	established	a	general	model	for	their	service	
network,	they	requested	that	alternate	networks	be	examined	after	the	LRCs	since	it	is	not	
necessary	to	stop	at	two	LRCs	(LRCs	and	the	CSA)	for	the	distribution	of	medical	
countermeasures.	After	the	LRCs,	an	alternate	distribution	model	would	be	a	travelling	
salesman	problem,	where	County	X’s	truck	still	drops	off	the	supplies	for	the	smaller	counties	at	
the	LRCs,	but	instead	of	driving	to	the	CSA	to	unload	and	reload	smaller	trucks,	one	truck	would	
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drive	to	the	nearest	POD,	unload	the	5-6	pallets,	and	continue	to	the	next	POD	until	all	4	PODs	
have	their	supplies.	This	network	is	pictured	in	Figure	4	and	it	would	eliminate	the	process	of	
reloading	the	smaller	trucks.		
	
Figure	4.	Travelling	Salesman	Service	Network	Design	
	
The	calculations	up	to	unloading	the	smaller	counties	remain	the	same,	but	after	they	have	
been	unloaded	then	the	truck	proceeds	to	first	POD	in	the	travelling	salesman	problem.	To	
solve	the	route	that	would	take	the	least	amount	of	time	starting	from	the	LRC	and	stopping	at	
every	POD,	the	website	Optimap	can	be	used.	Optimap	is	the	fastest	roundtrip	solver,	and	it	
creates	the	fastest	route	for	travelling	salesman	problems	using	Google	maps.	For	this	route	a	
roundtrip	is	not	necessary,	every	POD	location	needs	to	be	visited	once,	so	on	the	options	for	
	 25	
calculation	the	route	should	not	return	to	the	LRC	after	visiting	every	POD.		The	resulting	route	
is	20.9	miles	which	will	take	0.7	hours	at	30	mph	and	the	route	is	pictured	in	Figure	5.	
	
	
Figure	5.	Route	for	Travelling	Salesman	
The	last	process	for	this	service	network	is	unloading	the	truck	at	each	POD.	Three	of	the	four	
PODs	require	6	pallets	which	takes	approximately	0.7	hours	total	to	unload	and	one	of	the	four	
PODs	requires	5	pallets	which	takes	0.18	hours	to	load	for	a	total	of	0.88	hours	of	unloading	
(values	found	from	bottom	matrix	of	Figure	5).	The	total	duration	of	this	travelling	salesman	
problem	is	summarized	below	in	Table	4.		
Table	4.	Travelling	Salesman	Route	Duration	
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LOGISTIC	ACTIVITY	 HOURS	TO	COMPLETE	
Travelling	Salesman		
HOURS	TO	COMPLETE	
General	Model	
Processing	Doses	in	the	RSS	 7	 7	
Loading	largest	pop.	truck	with	
loading	docks	
1.5	 1.5	
Loading	2	trucks	for	LRC	X	 1	 1	
Driving	to	LRC	 4.93	 4.93	
Unloading	smaller	counties	 0.21	 0.21	
One	truck	stops	at	all	locations	
(optimap)	
0.7	 -	
Unloading	the	truck	at	each	
location	
0.88	 -	
Driving	to	CSA	 -	 0.83	
Unloading	truck	 -	 0.12	
Loading	Ford	F150s	 -	 0.32	
Driving	to	furthest	POD	 -	 0.12	
Unloading	 -	 0.12	
Total	Time:	 16.22	 16.19	
		
7 Results	and	Discussion	
	
The	48-hour	timeline	is	not	observed	in	the	results	of	this	work.	The	16.185	hours	for	the	
general	model	of	the	service	network	exceeds	the	12-hour	timeframe	allotted	for	the	
distribution	of	the	medical	countermeasures	and	in	24	hours	with	a	designated	number	of	
resources,	only	42%	of	the	POD’s	designated	population	are	treated.	The	two	different	service	
network	options	for	the	transportation	of	the	medical	countermeasures	also	do	not	differ	
significantly	in	time,	with	the	travelling	salesman	network	having	the	same	duration	as	the	
original	model.	For	this	reason,	the	state’s	public	health	partner	can	either	keep	their	original	
plan	to	have	separate	truck	go	to	each	POD	from	the	CSA	or	use	one	truck	to	go	to	all	PODs	
depending	on	the	resources	available.	It	is	possible	for	the	county	to	attain	the	48-hour	
timeline,	since	the	push	packages	are	expected	to	arrive	to	the	RSS	in	7	hours	instead	of	the	12	
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hours	allotted	to	this	phase	of	the	distribution	as	stated	in	Section	4.1.	This	would	allow	more	
than	36	hours	for	both	the	logistic	activities	from	the	RSS	to	the	completion	of	dispensing.	The	
estimate	for	processing	1	million	doses	at	the	RSS	is	7	hours,	but	if	this	process	could	be	
completed	simultaneously	with	loading	trucks	then	the	distribution	piece	would	be	closer	to	
the	12-hour	allotment.	At	16	hours	of	distribution,	a	20%	decrease	in	the	time	from	declaration	
of	the	emergency	to	the	arrivals	of	the	push-packages	at	the	RSS	and	a	20%	decrease	in		
processing	time	at	the	RSS	would	allow	the	county	to	meet	the	guideline	of	24	hours	for	these	
two	phases	combined.	For	POD	dispensing	however,	a	steep	increase	of	13	times	the	number	of	
personnel	allotted	to	each	POD	is	needed	to	complete	this	phase	in	the	24	hours	allotted	to	it.	
The	population	allotted	to	each	POD	includes	all	persons	recorded	in	the	census	tract	data,	
which	means	that	the	POD	dispensing	time	will	also	be	less	since	there	will	be	a	portion	of	the	
population	receiving	their	medical	countermeasures	from	Closed	PODs.	
Following	the	process	of	this	work,	other	state	health	departments	can	also	examine	their	
emergency	response	model	and	whether	it’s	possible	for	it	to	be	completed	in	the	36	hours	
dedicated	to	logistic	activities.	Further	research	should	examine	more	options	for	the	service	
network,	such	as	deploying	a	truck	directly	from	the	RSS	to	the	PODs	for	counties	that	are	large	
enough	to	fill	an	entire	truck	and	therefore	skip	the	process	of	the	stopping	at	the	LRCs.	For	
smaller	counties,	further	research	could	also	examine	whether	smaller	counties	should	be	
combined	with	each	other	to	fill	a	truck	from	the	RSS	to	the	LRC,	or	if	each	county	should	have	
its	own	truck	if	the	state’s	resources	are	available.			
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